Introduction
Although diagnostic and therapeutic strategies for lung cancer have improved in recent years, it remains the leading cause of cancer death in the US. 1 Patients often present to the treating physician with an advanced stage of the disease, which may partially account for the high mortality rate. [1] [2] [3] Non-small-cell lung cancer (NSCLC) accounts for ~85% of all lung cancers 4 and, as with overall lung cancer diagnoses, a reported 65% of NSCLC cases are diagnosed at late stages of disease. 5 Total direct health care expenditures associated with lung cancer are substantial. In the US, the total estimated medical costs related to lung cancer were $12.1 billion in 2010 and were expected to increase to $15.2 billion by 2020. 6 A primary factor that affects the prognosis for lung cancer patients is the stage at which the cancer is diagnosed. Diagnosis stage is partially dependent on delays in the patient presenting to the physician with symptoms and also on delays in a physician providing a definitive diagnosis both in general practice and in specialty practice. 7 There are a number of studies that have attempted to understand the delays associated with the diagnosis of lung cancer. [7] [8] [9] [10] [11] Potential for delay is possible in four distinct phases prior to a definitive diagnosis of lung cancer: 1) between the first malignant change and the first symptom, 2) between the first symptom and presentation, 3) between the first presentation and diagnosis, and 4) between diagnosis and staging/ treatment. 11 The slow-growing characteristics of some lung cancers, particularly adenocarcinomas, can lead to further delays in the diagnosis of lung cancer. 12 Three recent studies linking cancer registries to Medicare data have demonstrated variations in guideline-concordant lung cancer care, time to diagnosis, time to treatment, and impact on prognosis, particularly among elderly, rural, and underserved populations. [13] [14] [15] However, there still remains a need for a better understanding of costs incurred to diagnose NSCLC compared with costs associated with treating the disease and the delay time between suspicion of a lungrelated ailment and confirmed diagnosis of lung cancer. The objectives of this study were to assess the wait time to diagnose NSCLC and the health care utilization and the costs of diagnosing and treating the disease based on the stage of diagnosis.
Patients and methods

Data source
Data for this retrospective cohort study were obtained from the Optum Research Database (ORD), an administrative database of medical and pharmacy claims from a large US health insurance company, and were linked to data from a clinical cancer registry. The claims database includes >13 million commercial health plan enrollees annually with both medical and pharmacy benefits. Membership in the health plans is geographically diverse, with a concentration in the South and Midwest. The medical and pharmacy claims within the ORD include the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes, the Current Procedural Terminology (CPT) codes, enrollment information, site of service codes, the National Drug Codes (NDC), patient demographic information (age, gender, and state of residence), the type of insurance (PPO, HMO, and POS), paid amounts, and other information. The cancer registry, the Optum Oncology Management (OM) database, 16 is affiliated with the health plan and includes information on the stage and date of diagnosis, histology, and other select clinical characteristics for a subset of commercial insurance enrollees in the ORD who were treated for lung cancer. Clinical information in this database was obtained through fax from the treating physician with telephone follow-up for incomplete submissions. The percentage of NSCLC (compared to SCLC) patients in the OM database is ~80%, and approximately half of NSCLC patients were diagnosed with Stage IV disease, which is similar to reported estimates. 1 Information on date of death was linked from the Social Security Administration death master file.
No identifiable protected health information was extracted or accessed during the course of the study. Pursuant to the Health Insurance Portability and Accountability Act, 17 the use of deidentified data for this study does not require institutional review board approval including waiver of patient's authorization.
Patient selection
Commercially insured adult patients (aged ≥18 years at diagnosis) who were diagnosed with lung cancer between January 01, 2007, and September 30, 2011, and had both medical and pharmacy benefits during the study period were eligible for inclusion. The date of diagnosis obtained from the treating physician (as captured in the OM database) was considered as 
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Lung cancer diagnosis delays and costs the index date. Patients were required to have 1 year of continuous enrollment in the health plan prior to diagnosis date (the baseline period) and ≥3 months after the index date (follow-up). The time following the index date was used to assess outcomes including diagnosis and treatment patterns, survival, health care utilization, and costs. Patients with <3 months of follow-up due to death were included. Patients were excluded if there were no data available for the stage of lung cancer at diagnosis or the lung cancer type, if they had evidence of other primary cancers, or if they had <3 months of data available and had not died.
Measurement
Select patient characteristics were collected for the cohort at the index date, which included age (mean), gender (%), comorbidity, cancer type (NSCLC vs SCLC) (%), stage of NSCLC (%), mean follow-up (by cohort), and those who died during the study period (by cohort). The primary outcomes of interest were use of diagnostic tests (biopsy, imaging, or laboratory/pathology test) prior to diagnosis (index date), the type of biopsy (if applicable), time to diagnosis (mean time from initial diagnostic test to index date), and rates of health care visits (office, outpatient, emergency room, and inpatient visits) by cancer stage (pre-and postdiagnosis). The rates of health care visits were calculated as the total number of events divided by the total follow-up time and per-patient per-month (PPPM) lung cancer-related health care costs during baseline and follow-up (by cancer stage). Total per-member per-month health care costs were calculated and presented separately for medical (for each category of service utilization) and pharmacy costs.
Statistical analysis
All study variables were stratified by stage at diagnosis and analyzed descriptively. Comparisons of baseline characteristics and outcome measures were evaluated by analysis of variance (ANOVA) F-test (for continuous variables) and chi-square test (for proportions). Kaplan-Meier analyses of mortality by stage at diagnosis were calculated as the time to death in years from the index date. Generalized linear multivariate models were conducted to explore the differences in total follow-up costs based on surgery type (open vs minimally invasive), stage at diagnosis, age, gender, baseline comorbidity, and presence of chronic obstructive pulmonary disease. Figure 1 presents the study sample selection. Between January 01, 2007, and September 30, 2011, 5,128 patients diagnosed with lung cancer were identified from the OM database. There were 3,423 patients who met continuous enrollment criteria, and 3,149 had complete information on lung cancer type and stage at diagnosis. Among these, 1,507 patients had both medical and pharmacy benefits during the study period and 80% (n=1,210) were NSCLC patients.
Results
Study cohorts and patient characteristics
Baseline characteristics for the NSCLC study population and comparisons between the stages of NSCLC are presented in Table 1 ). Approximately 56% were males, and the mean age of all patients was 59 years and not significantly different by stage at diagnosis. The highest percentage of death during the study period was among the Stage IV patient cohort (Table 1) who had the lowest median survival (Figure 2 ; P<0.001), which contributed to Stage IV patients having the shortest follow-up time (Table 1) .
Primary outcomes
Diagnostic testing in the 12 months prior to the date of diagnosis (but not including the date of diagnosis) is provided in Table 2 . Most (93.6%) patients had evidence of diagnostic tests (biopsy, imaging, or laboratory/pathology test) beginning 5 to 6 months prior to diagnosis. Bronchoscopic biopsy was the most common biopsy type (33% of all NSCLC patients). Use of bronchoscopic biopsy with navigational bronchoscopy or with ultrasound was relatively low during both the baseline (<3% and <10%, respectively) and follow-up (<3% and <18%, respectively) periods. There was, however, an increasing trend for bronchoscopic biopsy with navigational bronchoscopy (0% in 2007 to 2% in 2011) and with ultrasound (2% in 2007 to 16% in 2011) over time in the follow-up period (not shown in table). In total, 572 patients received 668 biopsies and 1,127 patients received 3,319 imaging tests.
The rates of health care utilization before and after diagnosis are provided in Table 3 . The rates of health care utilization prior to diagnosis were similar, despite the stage of cancer at diagnosis. However, compared with patients diagnosed with later stage disease, those diagnosed with earlier stages of disease had lower rates of health care utilization after diagnosis over the study period.
The PPPM total health care, medical, and pharmacy costs prior to and after diagnosis are presented in 
Discussion
From among the denominator population of younger, commercially insured enrollees, the characteristics of the study sample of lung cancer patients were similar to what have been observed in previous studies. In this study, NSCLC was the most common histological type of cancer (80%), which is consistent with what is found nationally in the US. 5, 18 Most NSCLC patients in this study were diagnosed in the later stages of the disease (Stage IIIb=23% and Stage IV=46%), which is similar to what has been found in previous studies. 1, 5, 8 This study revealed that most patients have diagnostic testing initiated at an average of 5 to 6 months prior to a definitive lung cancer diagnosis by the physician. Other studies have identified delays in the diagnosis of lung cancer, and these issues are not unique to US lung cancer patients. 7, 9, 13, 19, 20 In a 2016 study of a West Virginia Cancer Registry, Nadpara et al 13 reported a median symptom-to-diagnosis delay of >6 months. Salomaa et al 7 assessed the delays in diagnosis and treatment of lung cancer from the patient's first experience with symptoms to general practitioner and specialist visits, through diagnosis and treatment from retrospective records from the Turku University Hospital in Finland. The median 
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Lung cancer diagnosis delays and costs (11) 20 (11) 14 (11) 5 (8) 31 (11) 57 (10) (10) 22 (12) 9 (7) 7 (11) 20 (7) 61 (11) 0.236 Death during study period 467 (39) 20 (11) 22 (17) 18 (28) 107 (38) 300 (54) <0.001
Abbreviations: NSCLC, non-small-cell lung cancer; SD, standard deviation. 28 (7) 1 (2) 5 (9) 2 (7) 10 (10) 10 (6 Including cytopathology, molecular cytogenetics, surgical pathology, gross, and microscopic examination. b Subset of bronchoscopic biopsy, includes linear or radial endobronchial ultrasound. Abbreviations: NSCLC, non-small-cell lung cancer; CT, computed tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; SD, standard deviation. 
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Lung cancer diagnosis delays and costs delay from the first symptoms to diagnosis was 98 days, between the first general practitioner visit and diagnosis was 52 days, and specialist visit to diagnosis was 15 days. A study from Canada reported a median total wait time from development of first symptoms to starting treatment of ~4.5 months, mentioning that patients visited up to four specialists before commencing treatment and had investigations ordered by multiple physicians. 21 An earlier study from the UK noted that once a patient was referred to a respiratory specialist, the specialist spent a mean time of ~2 months investigating the patient before referring them on to a surgeon. 9 Of note, it has been reported that the likelihood of receiving timely, guideline-appropriate care is significantly lower among patients diagnosed with early stage disease. 13, 15 In the current analysis, the time to diagnosis from the initial diagnostic test was 5 months for Stage IV patients versus 6.2 months for Stage I patients. Thus, there appears to be the potential to improve on the time to diagnosis across all stages.
The current study also demonstrated that health care utilization and costs were generally similar across cohorts in the 12 months prior to diagnosis, regardless of the stage of lung cancer at diagnosis. However, after lung cancer diagnosis, patients diagnosed with higher stage disease had greater health care utilization and incurred greater costs. Similar results were reported in an analysis of Surveillance, Epidemiology, and End Results (SEER)-Medicare data (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , finding that among NSCLC patients, the estimated cost of diagnosis and staging (without treatment) ranged from $10,000 to $13,000 while monthly treatment costs in the first 6 months after diagnosis ranged from $2,687 (no treatment) to $9,257 (chemotherapy and radiotherapy). Cost was lowest for NSCLC diagnosed at Stage I/II and highest for NSCLC diagnosed at Stage III. 5 Similarly, in a UK study, mean 90-day costs were affected by treatment type (especially surgery), age, route of diagnosis, clinical stage, and cell type. 22 
Limitations
Although claims data are effective and efficient for examining treatment patterns and assessing health care utilization and costs, there are certain inherent limitations associated with claims data in general. Although stage and date of diagnosis were available from registry data, there are other clinical and disease-specific parameters that may influence choice and the timing of diagnostic testing. This limitation may cause a misinterpretation of the comparison of time from first diagnostic test to definitive diagnosis among the cohorts. Patients with lung cancer could be enrolled in clinical trials and some or all of the care received in this context may not generate insurance claims and therefore would not be included in this analysis, which would cause an underestimation of the total health care costs for these patients. Another limitation of this study is that there is no way of accurately determining when there was an initial suspicion of a lung ailment and, consequently, when that suspicion resulted in a physician further investigating the possibility of lung cancer. Health care utilization per patient was also only tracked over the study period and not over the remaining lifetime of each patient, which would not capture any ongoing or lung cancer recurrence costs in surviving patients. Finally, these data, although from a large and geographically diverse health plan, are from a single insurer and were restricted to commercially insured patients in the US and may not be representative of the uninsured, Medicare, Medicaid, other populations in the US, or populations outside the US. 
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Conclusion
This current retrospective claims database analysis suggests that patients may experience long periods of delay between their first diagnostic test for lung cancer and a definitive diagnosis. As demonstrated in the current study, the costs associated with treating this disease are higher when the stage of lung cancer at diagnosis is more advanced. Diagnosis at earlier stages may reduce costs among patients with lung cancer. Future studies may examine the impact of interventions or diagnostic methods and assess whether these lead to a reduction of delays, which would contribute to an earlier stage of lung cancer at diagnosis.
